Purpose To examine the time needed from a surgeon's viewpoint to treat a patient operated for lumbar spinal stenosis. We firstly aimed to give evidence of the wide ranging duration of standardized procedure. Secondly, we investigated factors affecting the time allocated to each patient. Methods 438 medical records of patients operated on for lumbar decompression without fusion (2005)(2006)(2007)(2008)(2009)(2010)(2011) were retrospectively examined. Primary data were operative time (OT, min), length of stay (LoS, days) and number of postoperative visits. A fourth parameter was calculated, the time spent per patient (TSPP, min) by summing the time spent in surgery, during inpatient and outpatient follow-up visits. Factors that influenced these medical resources were examined. Results Median (5th-95th percentile) LoS was 5 days (2-15), , number of medical visits 5 (2-11) and TSPP 329 min (206-533). In descending order, factors predicting LoS were age, no. of levels, sex, operative technique, cardiovascular risk index, dural tear and haematoma. Factors predicting OT were number of levels, dural tear, foraminotomy, synovial cyst and body mass index. The statistical model could predict 36 % of the TSPP variance. We recommend that surgeons add 35 min for each level, 29 min for patients over 65 years, 30 min for women, 132 min for dural tear and 108 min for epidural haematoma.
Introduction
Lumbar spinal stenosis (LSS) is a common condition requiring spine surgery [1] , in which patients complain of symptoms relating to anatomical reduction of the lumbar spinal canal. The incidence of LSS has significantly increased over the last decade due to the aging population [1] [2] [3] [4] . The aim of surgical visits is to confirm, clinically and by means of imaging, the diagnosis of LSS and to assess its degree of severity. After unsuccessful medical management, a surgical intervention should be considered [5] . Several surgical techniques exist including uni-or bilateral decompression, associated or not with a posterior or circumferential fusion [6] [7] [8] [9] . Experienced surgeons appreciate the large variability of time required for inpatient and outpatient visits and surgical procedures. For this reason, the overall time spent per patient (TSPP) calculated in our study could prove useful for health care providers as well as department management teams.
Two hypotheses can be made when considering LSS surgery from the point of view of the surgeon:
1. TSPP is highly variable. 2. TSPP can be efficiently predicted using specific factors.
Methods

Data source
Between January 2005 and August 2011, all patients operated on for LSS by a single surgeon in a single institution were selected. The institution database was compared with patients' medical records. Lumbar fusion (instrumented or not) was excluded and only decompression without fusion was considered. Two surgical techniques were used: bilateral decompression with sparing of posterior structures (spinous process, interspinous and supraspinous ligaments) and the unilateral variant with a single laminotomy and microscopic circumferential decompression. The latter approach is the least invasive, preserving the facet joints and neural arch of the contralateral side thus limiting postoperative destabilization [10, 11] . Surgical interventions can be conducted on one to five levels. Perioperatively, some additional techniques may be performed such as the release of the dural sac by removal of a synovial cyst or root decompression by foraminotomy. After discharge, patients were followed-up at 1 and 3 months and if necessary more in cases of poor outcome. The remaining 438 patients were retrospectively examined using medical records, in which we exhaustively reviewed resource parameters (i.e. dependant variables, Table 1 ) and factors able to interact with these (i.e. independent variables, Table 2 ). Patient-related risk factors, drug use, operative time and operating room time were extracted using anaesthesiology records, and surgery-related risk factors with complications were obtained from the operating protocol, hospital reports and postoperative visit records. For the number of pre-and postoperative consultations, we performed a data selection to ensure a minimum follow-up of 2 years and included all visits related to LSS. Iterative surgery was reported when other levels had been operated on in previous surgical interventions. None of the operated levels considered in this study had been operated on previously. Regarding drug use, we dissociated antiplatelets, not stopped or stopped 7 days before surgery, from clopidogrel [stopped 5 days before surgery, following guidelines (12)] and acenocoumarol.
Complications encountered were dural tear reported with or without leak of cerebrospinal fluid and managed with suture and/or glue, compressive epidural haematoma found on MR-imaging a few days after surgery and requiring in most cases further surgery and wound sepsis and neurological damage found in the hospital reports and postoperative visit records.
Three preoperative scores were investigated: revised cardiac risk index (RCRI), severe postoperative pain score and American Society of Anaesthesiologists (ASA) score. The RCRI identifies patients at higher risk for cardiovascular complications during noncardiac surgery [13] . It takes into account six independent predictive factors of complications, and it is a useful tool in risk stratification [13, 14] . The severe postoperative pain score is a preoperative assessment of pain caused by the procedure based on a patient's previous history. It includes 10 different weighted factors for which points are assigned. The total score is 15 and the risk of postoperative pain is considered significant if the score is[4. Preoperative tests may be predictive of postoperative pain [15] , and thus could have an impact on use of resources. The ASA score [16] is a subjective assessment of a patient's overall health that is based on five classes (I to V). This score is predictive of perioperative morbidity and mortality, and patients in classes III to V are at greater risk of surgical infection. Time spent per patient is a composite variable which includes daily visits in the hospitalization period including paperwork, operating room time (accounting for operative time-OT, as well as that spent on other perioperative procedures such as installation) and postoperative visits. TSPP is an estimation of the time accorded to a patient by a surgeon since the end of the last preoperative visit. It was calculated by considering 20 min per visit (inpatient or outpatient).
Statistical analysis
To explore the data, we sequentially performed a univariate and bivariate analysis, and then focused on inference and modelling. Resources data were analysed in terms of central tendency and dispersion. For continuous variables, their normal distribution was tested using a KolmogorovSmirnov test. Scale variables, such as medical resources or BMI, did not have a Gaussian distribution and were presented as median (5th-95th percentile). These variables were normalized with logarithmic transformation. Most variables did not meet the usual transformations. Concerning these, we used non-parametric tests for inference (Kruskal-Wallis). All data were bilaterally tested with a level of significance of 0.05, two tailed.
Due to a large number of independent variables, we first searched for a model susceptible to detect any link between these variables and the dependent ones. The statistical modelling was based on multiple mixed linear regression models with a log-transformed independent variable. For each resource variable, a linear regression model with topdown method was created and then adjusted. Factors with a level of significance of 0.10 were then selected to obtain a more realistic and simplified model. Each of them met conditions of the absence of multicollinearity, independence of errors (Durbin-Watson) and approached a normal distribution of residues, providing three reliable models (LoS, OT, TSPP). Standardized beta coefficients were used to compare the strength of predictors, in terms of weight and regression coefficients, at predicting variation of the dependent variable by change in the independent one. To ensure the absence of interacting factors in our models, we used an analysis of covariance with a general linear model, which permit to reveal the effect of one predictor by controlling the others.
All statistics were performed using SPSS software (v.19, SPSS, Inc., Chicago, IL, USA).
Results
Univariate analysis
From January 2005 to August 2011, 438 patients underwent surgery for LSS refractory to medical treatment, i.e. an average of 67 patients per year. There was a slight preponderance of women (52 %) with a mean age of 69 years (range 24-90 years) at the time of surgical intervention. The average BMI was 28. The medical histories of our patients were numerous with 53.9 % hypertension, 30.7 % cardiovascular disease, 18.4 % diabetes, 20.1 % respiratory disease and 13 % renal disease. Before surgery, 31.7 % of patients took acetylsalicylic acid and 7.1 % of whom were unable to stop it, 5 % took clopidogrel and 6.1 % acenocoumarol. The preoperative scores highlighted the fragility of the population affected by this disease. Indeed, 30 % of patients were at a higher risk for perioperative cardiovascular complications (RCRI) and 97 % of patients had an ASA score of 2 or 3. The severe postoperative pain score showed that 75.3 % of patients were at risk since their score was[4. Over the 6 year study period, 72.6 % of operations were performed unilaterally and 10.3 % were iterative surgeries at the same site, regardless of the hospital where they underwent the primary procedure. The number of operated levels varied between 1 and 5 though 73.5 % of procedures were performed on 1 or 2 levels. Synovial cysts and foraminal stenosis were identified preoperatively by MRI in 12.6 and 12.3 %, respectively, and surgically treated. There were no intraoperative deaths. Of the complications encountered, dural tear was at the top of the list with a rate of 6.6 %, followed by compressive epidural haematoma (1.1 %), wound sepsis (0.9 %) and neurological damage (0.2 %, i.e. only one patient), respectively. We found no association between drug use and haematoma as only one patient took acenocoumarol and five patients had epidural haematomas (p = 0.282).
The use of medical resources is outlined in Table 3 alongside the scale independent variables. There was a significant gender difference in LoS (p \ 0.01) with women being hospitalized longer (median = 6 days) than men (median = 4 days). The operating room time was mainly correlated with OT (R 2 = 0.922) and much less with procedures of anaesthesia and installation (R 2 = 0.198), (Fig. 1) . Considering the out-patient visits, 306 patients were followed-up for a minimum of 2 years and attended a total of 1,709 consultations, including 598 preoperative and 1,129 postoperative. In general, each operated patient needed five consultations, including two preoperative and three postoperative. 38.4 % of patients required more than five consultations. It should be noted that the wide distribution of visits depicted in Fig. 2 essentially concerned the postoperative ones. Finally, the distribution of TSPP is largely skewed (Fig. 3) with a median (range) of 330 min (153-783).
Bivariate analysis was performed to identify the relationship between a pair of dependant-independent variables (Table 4) .
Inference and modelling
The model for LoS was significant and efficient with R 2 = 0.416. It took seven variables into account. Relative weights of variables were represented in the model (cf. standardized beta, Table 5 ). Age, number of operated levels and type of surgery (uni-or bilateral) were, with sex, the best predictors of LoS. The RCRI was better than the ASA score (even when it was also independently significant according to Kruskal-Wallis test), and these five variables accounted for most of the LoS. It is also interesting to note that the non-significant variables BMI, history of respiratory disease, drug use (antiplatelets or anticoagulants), iterative surgery, the presence of associated synovial cyst or foraminal stenosis, local sepsis and neurological damage increased very little or not at all the LoS.
The model for OT was significant and efficient with R 2 = 0.396. It took five variables into account (cf. standardized beta, Table 5 ). Two main parameters (number of operated levels and occurrence of a dural tear) accounted for most of the variance explained by the model, whereas the associated synovial cyst, associated foraminal stenosis and BMI contributed less. Since the main determining factor was the number of operated levels, it was also possible to model the operating time according to this single variable (Fig. 4, CI 95 %) . The regression equation was time (min) = 60.9 ? 26.6 (no. of operated levels).
The number of overall medical visits and postoperative visits were analysed in 306 patients. The model was significant but ineffective with R 2 = 0.02. Bivariate analysis highlighted the association between no. of visits and ASA score, however, in the model created, ASA was not significant (p = 0.129). Severe postoperative pain score was the only variable that was significantly associated with number of consultations (p = 0.038), however, it remained impossible to predict the number of visits based on this variable.
The model of overall resources attempts to explain TSPP in terms of predictors. It is significant, effective and identified six factors of which two were main predictors: no. of levels and dural tear (Table 5 ). Since it explains 36 % of the variance (R 2 = 0.361), it is possible to highlight some relations (Table 6 ) between change in predictor values and effects on TSPP.
Discussion
The primary objective of this study was to test two hypotheses on data collected over the last 6 years. As expected, we found a large variance (from 1 to 5) in the time spent by the same surgeon in treating patients with LSS. The main predictors of TSPP were no. of operated levels and dural tear; second predictors were surgical technique (uni/bilateral laminotomy), haematoma, age and sex.
Are our data solid and reliable?
The data used in the present study can be considered as solid being based on a large sample size, however, information was collected retrospectively which could affect their reliability. The use of an administrative database in screening patients who underwent surgery may constitute a bias by the lack of data accuracy [17] . Moreover, our study was based in a single institute with a single surgeon thus rendering the generalization of the data obtained impossible. Our results must, therefore, be considered as preliminary on which further studies designing a prospective method for use on registry data should be based. Finally, the model for TSPP depends on arbitrary data and the value of 20 min for inpatient or outpatient visits reflects our daily practice and can be adapted.
From another point of view, TSPP could be useful when comparing surgeons and/or different institutions. Multicentric studies may provide less specific results by providing a mean of the differences between surgeons on the basis of the patients selected, type of surgery, time to discharge and access to medical visits.
Are the findings interesting for the surgeon?
This study emphasizes the importance of the invasiveness of surgery (as assessed by the no. of levels) in estimating the time allocated by surgeons to each patient. Our results also put into perspective the effects that patient characteristics have on TSPP. Moreover, if TSPP is found to reflect the standard of care of surgeons or institutions, one additional goal would be to stimulate comparisons with other surgical teams.
Comparison of data
The factors identified considering the model for TSPP (no. of levels, dural tear, surgical technique, haematoma, age and sex) had to be compared with the main predictors of use of resources found in the literature. The rate of complications was previously found to be related to the increasing LoS and OT [6, 18] , and patients with more operated levels had more complications [19] . By contrast, less invasive techniques were found associated with low rates [6, 20] and had the potential to decrease treatment costs and LoS [9] . Some studies [20] [21] [22] reported an association between dural tear and increasing LoS and OT. Age is a factor in the model of TSPP which can be used as a predictor for use of resources, and while it is not related to surgical complications [23] , it is positively correlated to OT [7] .
One could consider sex as a surprising factor. In our study, the LoS for women was 2 days longer compared to men, as has been found in other studies [4, 6] .
Considering the age and gender variables, the result showed 29 min longer for over 65 years and 30 min longer for women. We can logically ask whether this is because of the average age of women was higher than men. To answer this point, we need to see if there is still a significant gender effect on TSPP when the effect of age is controlled.On the first hand, it is useful to note that age is gender-dependant in our data and women are significantly older than men (p = 0.006). On the second hand, by performing an analysis of covariance, we can state that, given two people with similar age, you can expect longer TSPP for females (?23.3 min, p = 0.047). Therefore, gender is an independent predictor for TSPP, even when considering people with similar age.
Some authors report that a high BMI is associated with poorer outcome [24] and longer OT [17, 25] . BMI, even though significantly associated with TSPP was not found as a predictor in the last model for TSPP. Concerning the duration, our regression equation for time predicted 87.5 min. Khoo and Fessler [26] reported an OT of 109 min for one level microscopic unilateral laminotomy and 88 min for open laminectomy. Other authors [27] reported a mean OT of 153 min.
Considering outpatients data, only a few studies have reported the utilization of health care resources. The mean number of medical visits has been reported as 5 ± 2 [28] , with generally three postoperative visits [6, 29] . These findings correlate well with our data showing, respectively, 5 days and three postoperative visits. To the best of our knowledge, no reports have concerned predictors of number of medical visits. In the present study, the most significant variable associated with number of medical visits was severe postoperative pain score.
Conclusion
The identification of factors related to and influencing the use of resources is useful if modifying them would reduce such use. According to our data, surgeons can partly reduce the use of medical resources by improving surgical techniques that are either more efficient or associated with reduced rates of complications. The remaining factors are patient-related and cannot be modulated although surgeons could use them to select patients. Knowledge of the TSPP with regards to medical resources may be helpful for surgical teams as an assessment of their daily practice and for comparing standards of care in different institutions, as well as financial costs [30] .
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